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1
DUAL FREQUENCY ANTENNA

FIELD OF THE INVENTION

The invention relates to an antenna, and more particularly
to a dual frequency antenna.

BACKGROUND OF THE INVENTION

Atpresent, a handheld terminal device typically operates at
multiple frequency bands, for example, frequency bands
required for global system for mobile communication (GSM)
and digital cellular system (DCS), an ultra-high frequency
(UHF) required for a two-way radio, and a frequency required
for global position system (GPS), so as to implement multiple
functions or auxiliary functions. An antenna applied to the
above handheld terminal device is a dual frequency antenna
or a multiple frequency antenna, and most of the dual fre-
quency antennas in the prior art adopt a double branch struc-
ture or a partial resonant structure. The dual frequency
antenna with the double branch structure is composed of two
antennas and the antennas are connected to one feeding point.
Each of the two antennas has its resonance not affecting that
of'the other. Typically, a low frequency resonance is achieved
by a helical structure, and a high frequency resonance is
achieved by a whip structure. The length of the helical struc-
ture is one halfof the wavelength (for the frequency ofthe low
frequency resonance), and the length of the whip structure is
one quarter of the wavelength (for the frequency of the high
frequency resonance). The performance of the antenna oper-
ating at the two frequencies is similar to that of a half-wave
dipole.

A dual frequency antenna with the partial resonant struc-
ture may achieve a dual frequency resonance by changing a
pitch of a part of the helical structure, and the length of the
part in which the pitch is changed is a resonant length at the
other required frequency. The performance of the antenna
operating at two frequencies is similar to that of the half-wave
dipole. Most of the existing external dual frequency antennas
are achieved by the partial resonant structure. In the helical
structure, the high frequency resonant part is placed on the
bottom of the coil to form a lower frequency resonance
together with another part. The particular structure is shown
in FIG. 1.

The above-mentioned two kinds of external helical dual
frequency antennas are operated at UHF/VHF (Ultra High
Frequency) & GPS frequency bands, and the resonance is
formed by changing a pitch of a part of the coil or placing a
whip antenna at the bottom of the helical, in which the length
of the whip antenna is one quarter of the wavelength. This
design is relatively simple, and for the GPS frequency band,
the performance of the antenna is more centralized on the
lower hemisphere. There is a large recess in the upper hemi-
sphere (the part directed to the sky) required by the GPS, and
therefore this design has a poor performance and is adverse to
the reception of a GPS signal.

Furthermore, if the dual antenna is designed for the VHF
frequency band, there is huge difference (approximately 10
frequency multiplication) between the two frequencies, and
small deviation of the VHF frequency may cause huge differ-
ence of the GPS signal.

SUMMARY OF THE INVENTION

Technical problems to be solved by the present invention
are that: in view ofthe fact that the dual antenna in the prior art
has poor performance on the upper hemisphere (the part
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directed to the sky) and the poor reception of the GPS signal,
a dual antenna is provided according to the invention.

According to the invention, the technical solution for solv-
ing the technical problems in the present invention includes:
constructing a dual antenna which includes a helical coil,
where a first resonance coil with a first pitch is provided at the
lower part of the helical coil to generate a first resonance
frequency, and a second resonance coil with a second pitch is
provided at the upper part of the helical coil to generate a
resonance frequency lower than the first resonance frequency,
the first pitch is larger than the second pitch; and the dual
antenna further includes:

a first coupling unit provided inside the first resonance coil
and electrically isolated from the first resonance coil, which is
configured to stabilize a resonance frequency performance of
the first resonance coil; and

a second coupling unit provided outside the helical coil and
electrically isolated from the helical coil, which is configured
to increase an equivalent electrical length of the first reso-
nance coil and a gain of a resonance frequency of the first
resonance coil.

The advantages of the invention are as follows. A first
coupling unit is added to a high frequency part of the partial
resonant structure, so that a better resonance frequency per-
formance of the first resonance coil can be obtained, while the
performance of the second resonance coil is not affected. In
this way, the resonance frequency performance of the first
resonance coil is enabled to be more centralized on the upper
hemisphere. With the two added coupling units, the distribu-
tion current of the first resonance coil is increased, while the
electrical length of the first resonance coil is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described in conjunction with
the drawings and embodiments below, wherein:

FIG. 11s a schematic structural diagram of a dual frequency
antenna with a partial resonant structure in the prior art, in
which a high frequency resonance is implemented at the
bottom of a helical coil;

FIG. 2 is a schematic structural diagram of a dual frequency
antenna according to an embodiment of the invention;

FIG. 3 is a schematic structural diagram of a dual frequency
antenna according to another embodiment of the invention;

FIG. 4 is a schematic diagram of a GPS frequency band
specification of the dual frequency antenna in FIG. 3;

FIG. 5 is asimulated gain pattern in GPS frequency band of
the dual frequency antenna in FIG. 3;

FIG. 6 is a schematic diagram of a VHF frequency band
specification of the dual frequency antenna in FIG. 3;

FIG. 7 is a simulated gain pattern in VHF frequency band
of the dual frequency antenna in FIG. 3;

FIG. 81is ameasurement radiation pattern of a sample of the
dual frequency antenna in FIG. 3, in the VHF frequency band;
and

FIG. 91is ameasurement radiation pattern of a sample of the
dual frequency antenna in FIG. 3, in the GPS frequency band.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 2 is a schematic structural diagram of a dual frequency
antenna according to an embodiment of the invention. The
dual frequency antenna 200 in FIG. 2 includes a helical coil
201 and a first coupling unit 202. A first resonance coil 201A
with a first pitch is provided at the lower part of the helical coil
201. A second resonance coil 201B with a second pitch is
provided at the upper part of the helical coil 201, which is
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configured to generate a lower resonance frequency than the
resonance frequency of the first resonance coil, in which the
first pitch is larger than the second pitch. The first coupling
unit 202 is provided inside the first resonance coil and is
electrically isolated from the first resonance coil, which is
configured to stabilize resonance frequency performance of
the first resonance coil. Therefore, with the added first cou-
pling unit 202, better resonance frequency performance of the
first resonance coil can be obtained, while the performance of
the second resonance coil is not affected, such that the reso-
nance frequency performance of the first resonance coil is
more centralized on the upper hemisphere. A parasitic spuri-
ous impedance is an important factor of a stability of a GPS
performance, and the parasitic impedance of the first reso-
nance coil 201A can be increased by adding the first coupling
unit 202.

FIG. 3 is a schematic structural diagram of a dual frequency
antenna according to another embodiment of the invention.
Compared with the dual frequency antenna in FIG. 2, the dual
frequency antenna in FIG. 2 further includes a second cou-
pling unit 203. The second coupling unit 203 is provided
outside the helical coil and is electrically isolated from the
helical coil, which is configured to increase the equivalent
electrical length of the first resonance coil and gain of a
resonance frequency of the first resonance coil. The second
coupling unit 203 actually increases the height of the second
resonance coil. The two coupling units in FIG. 2 and FIG. 3
increase the distribution current of the first resonance coil and
the electrical length of the first resonance coil.

The helical coil 201 in FIG. 2 and FIG. 3 is a complete coil,
and the upper part and the lower part thereof have different
pitches. For convenience of description, the upper part with
the first pitch is referred to as the first resonance coil 201A,
and the lower part with the second pitch is referred to as the
second resonance coil 201B. Typically, the dual frequency
antennas in FIG. 2 and FIG. 3 operate in the GPS and VHF
frequency bands, in which the first resonance coil 201A oper-
ates in the GPS frequency band and the second resonance coil
201B operates in the VHF frequency band. The relation
between the sizes of the first pitch and the second pitch is
determined by a variable pitch helical coil 201, as long as the
dual frequency reception can be achieved by the variable-
pitch helical coil 201. In general, the size of the first pitch is
more than twice as much as that of the second pitch to ensure
the base performance in the GPS frequency band.

In an embodiment of the invention, the length of the first
resonance coil 201 A is about one half of the wavelength of the
operation frequency band (GPS frequency band) of the first
resonance coil 201 A, and the length of the second resonance
coil 201B is about one half of the wavelength of the operation
frequency band (VHF frequency band) of the second reso-
nance coil 201B.

FIG. 2 is a planar schematic diagram of the dual frequency
antenna 200. As shown in FIG. 2, the first coupling unit 202
has a rectangle shape. Actually, the first coupling unit 202 has
a cross-section of'a rectangle shape, and the first coupling unit
202 is a cylinder made of metallic material, the radius of
which is close to (slightly less than) the inner radius of the
helical coil. The height of the first coupling unit 202 is about
one eighth of the wavelength of the operation frequency band
of'the first resonance coil. In FIG. 3, the second coupling unit
203 is a metal wire, and the length thereof'is less than one half
of the wavelength (9.5 mm) of the operation frequency band
(GPS frequency band) of the first resonance coil.

In an embodiment of the invention, the first coupling unit
202 is an inverted truncated cone made of metallic material.
The bottom of the first coupling unit 202 is upward and close

20

30

40

45

55

4

to the second resonance coil 201B, and the radius of the
bottom is approximate to the inner radius of the helical coil.
This embodiment may be taken as one preferable embodi-
ment to implement the invention. In another embodiment of
the invention, the first coupling unit 202 is a cone made of
metallic material.

In an embodiment of the invention, the second coupling
unit 203 is a metal wire. One end of the second coupling unit
203 is a circle surrounding the first resonance coil 201A 3, for
example, a circle with an open (i.e., the circle is non-closed),
s0 as to fix the second coupling unit 20. The circle end of the
second coupling unit 203 is provided outside the first reso-
nance coil 201 A, and the other end extends to a certain part of
the second resonance coil 201B.

The circle with an open may be provided nearby the ends of
the first resonance coil 201A. In this case, a coupling of a
voltage can be achieved to maximize the voltage. The length
of'the second coupling unit 203 is less than or equal to one half
of the wavelength of the GPS frequency band.

In yet another embodiment of the invention, one end of the
second coupling unit 203 is a closed circle which is provided
at the middle of the first resonance coil and surrounds the first
resonance coil. In this case, maximum current coupling can
be achieved.

In FIG. 2 and FIG. 3, the first coupling unit 202 and the
second coupling unit 203 are electrically isolated from the
helical coil. That is to say, the first coupling unit 202 and the
second coupling unit 203 have no electrical contact with the
helical coil.

The dual frequency antenna 200 has the performance ofthe
GPS more centralized on the upper hemisphere. The perfor-
mance of the GPS resonance coil is stabilized by adopting the
first coupling unit 202. The equivalent electrical length of the
GPS and the gain of the resonance frequency of the GPS can
be increased by the second coupling unit 203.

The dual frequency antenna 200 according to the invention
is applicable to a professional interphone or other electronic
device. The dual frequency antenna 200 is connected to the
electronic device via the feeding point of the electronic
device, so as to transmit the received signal to the electronic
device.

For explaining more clearly the performance of the dual
frequency antenna according to the invention, a simulation
result of the dual frequency antenna 200 will be introduced
below.

FIG. 4 is a schematic diagram of a GPS frequency band
specification of the dual frequency antenna in FIG. 3, and
FIG. 5 is a simulated gain pattern in GPS frequency band of
the dual frequency antenna in FIG. 3. As shown in FIGS. 4
and 5, the performance in the GPS frequency band is rela-
tively good, one half of the performance of the antenna is
centralized on the upper hemisphere, the gain of the antenna
is about 0 dBi, and the antenna has a larger peak gain angle
(PGA) (it is to be noted that the data of the gain in this
simulation is an ideal value in the case that a cover of the
antenna and a housing of a radio are not provided, and a PCB
loss is not considered). In FIG. 5, the m3, m4, m5 and m6
indicate the positions of the PGA, and the m7 indicates the
position of the minimum value of the gain for two lobes.

FIG. 6 is a schematic diagram of a VHF frequency band
specification of the dual frequency antenna in FIG. 3, and
FIG. 7 is a simulated gain pattern in VHF frequency band of
the dual frequency antenna in FIG. 3. As shown in FIGS. 6
and 7, the dual frequency antenna according to the invention
can improve the performance of the GPS while the perfor-
mance of the VHF will not be affected.
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To verify the performance of the dual frequency antenna
according to the invention, a network analyzer and a micro-
wave dark room are used to test a sample of the dual fre-
quency antenna. FIG. 8 is a measurement radiation pattern of
the dual frequency antenna of FIG. 3 in the VHF frequency
band, and FIG. 9 is a measurement radiation pattern of the
dual frequency antenna of FIG. 3 in the GPS frequency band.

As shown in FIGS. 8 and 9, the gain of the antenna is good.
The gain in the VHF frequency band (160 MHz in the figures)
is about -5 dBi, and the gain in the GPS frequency band (1575
MHz in the figures) is about 0 dBi. The radiation pattern are
approximately symmetrical, and the measured gain of the
GPS is substantially coincident with that in the simulation.
Therefore, with the dual frequency antenna according to the
invention, a better performance of the GPS can be obtained
while the performance of the VHF will not be affected. When
the antenna is applied to a professional interphone, a good
reception effect can be obtained for the GPS.

The embodiments described above are only preferred
embodiments of the invention, and the invention is not limited
to the specific embodiments. All the modifications, equivalent
substitutions and improvements made within the spirit and
scope of the invention fall within the scope of protection of
the invention.

The invention claimed is:

1. A dual frequency antenna, comprising a helical coil
wherein a first resonance coil with a first pitch is provided at
the lower part of the helical coil, and a second resonance coil
with a second pitch is provided at the upper part of the helical
coil to generate a resonance frequency lower than a resonance
frequency of the first resonance coil, and the first pitch is
larger than the second pitch; and wherein the dual frequency
antenna further comprises:

afirst coupling unit provided inside the first resonance coil

and electrically isolated from the first resonance coil,
which is configured to stabilize a resonance frequency
performance of the first resonance coil;

wherein only the first resonance coil of the helical coil

operates at a GPS frequency band.
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2. The dual frequency antenna according to claim 1, further
comprising a second coupling unit provided outside the heli-
cal coil and electrically isolated from the helical coil, which is
configured to increase an equivalent electrical length of the
first resonance coil and a gain of a resonance frequency of the
first resonance coil.

3. The dual frequency antenna according to claim 2,
wherein a diameter of the first coupling unit is slightly smaller
than an inner diameter of the first resonance coil.

4. The dual frequency antenna according to claim 2,
wherein the second resonance coil of the helical coil operates
at a VHF frequency band.

5. The dual frequency antenna according to claim 1,
wherein the length of the first resonance coil is one half of a
wavelength of an operation frequency band of the first reso-
nance coil, and the length of the second resonance coil is one
half of a wavelength of an operation frequency band of the
second resonance coil.

6. The dual frequency antenna according to claim 1,
wherein the first coupling unit is a cylinder or inverted trun-
cated cone which is made of metallic material.

7. The dual frequency antenna according to claim 6,
wherein the height of the first coupling unit is one eighth of a
wavelength of an operation frequency band of the first reso-
nance coil.

8. The dual frequency antenna according to claim 2,
wherein the second coupling unit is a metal wire, and a length
of'the second coupling unit is less than or equal to one half of
a wavelength of an operation frequency band of the first
resonance coil.

9. The dual frequency antenna according to claim 8,
wherein one end of the second coupling unit is a circle which
surrounds the first resonance coil and fixes the second cou-
pling unit.

10. The dual frequency antenna according to claim 8,
wherein one end of the second coupling unit is a closed circle
which is provided at the middle of'the first resonance coil and
surrounds the first resonance coil.
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